Abstract. Recurrence of bladder cancer following transurethral resection of bladder tumor (TURBt) is an obstacle in clinical management. In the current study, we investigated the antitumor activity of baicalein, a Chinese herbal medicine, against T24 bladder cancer cells in vitro. Baicalein inhibited growth and caused G1/S arrest of the cell cycle in the T24 cells. Moreover, baicalein induced apoptosis via loss of mitochondrial transmembrane potential (ΔΨm), release of cytochrome c and activation of caspase-9 and caspase-3. Baicalein inhibited Akt phosphorylation, downregulated Bcl-2 expression and upregulated Bax expression, which in turn increased the ratio of Bax/Bcl-2. Our results demonstrate that baicalein repressed growth inhibition and induced apoptosis via loss of ΔΨm and activation of caspase-9 and caspase-3 in T24 bladder cancer cells, which indicates that baicalein may be an effective agent in the clinical management of bladder cancer.
Introduction
Bladder cancer is a common malignancy of the urologic system. Approximately 75% of new patients have non-muscle-invasive bladder cancer, and transurethral resection of bladder tumor (TURBt) is the standard treatment for those patients (1) . However, following surgery, 60-70% of the cancers will recur, with 25% exhibiting a higher stage or grade, which remains a problem for surgeons (2) . Therefore, intravesical chemotherapy is widely used as an adjuvant treatment to prevent recurrence and cancer progression following TURBt (3) . However, the cytotoxicity and incomplete efficacy of chemical agents limits their use as regular intravesical drugs, even if they induce apoptosis of the cancer cells (3) . Thus, new intravesical agents are urgently required for the clinical management of bladder cancer.
Baicalein is a flavonoid derived from the root of Scutellaria baicalensis, a plant widely used in Chinese herbal medicine. Baicalein is a well-known inhibitor of 12-lipoxygenase (12-LOX) (4), the expression of which correlates with tumorigenicity and tumor progression (5, 6) . Previous studies have shown that baicalein exerts numerous biological activities, including anti-inflammatory, anti-viral and antioxidant activities (7) (8) (9) . Furthermore, other studies have indicated that this flavonoid also inhibits cancer cell growth and induces apoptosis in human breast, prostate, hepatocellular and myeloma cancer cells (10) (11) (12) (13) . However, its antitumor role in bladder cancer is still unclear.
In the current study, we report that baicalein suppresses the growth and clone-forming ability of T24 bladder cancer cells in vitro. Additionally, T24 cells are arrested at the G1/S phase and undergo apoptosis following baicalain treatment. Baicalein inhibits Akt phosphorylation, activates caspase-9 and caspase-3 and downregulates Bcl-2 expression.
Materials and methods
Cell culture and reagents. T24 human bladder cancer cells were obtained from American Type Culture Collection (Manassas, VA, USA) and maintained in DMEM (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; Sijiqing, Hangzhou, China) at 3˚C with 5% CO 2 in a humidified incubator. Baicalein (purity >98%) and mytomycin were purchased from Sigma-Aldrich (St. Louis, MO, USA) and dissolved in dimethyl sulfoxide (DMSO Cell viability assay. The T24 cells were seeded in 96-well plates at a density of 1x10 4 cells per well and exposed to 0-120 µmol/l baicalein for 24 h. The cells were then washed with PBS twice and recultured for 3 days. MTT (final concentration 0.5 mg/ml; Sigma-Aldrich) was then added, the cells were incubated for a further 4 h, and finally the formazan crystals was dissolved in DMSO. The optical density (OD) value was measured at 490 nm using a microplate autoreader (BioTek Instruments, Inc., Winooski, VT, USA) and the relative cell viability was calculated as a percentage. Independent experiments were repeated in triplicate.
Colony formation assay. After pre-treatment with baicalein (0-80 µmol/l) for 24 h, 1,000 cells per well of a T24 single-cell suspension were seeded in 6-well plates and incubated at 37˚C with 5% CO 2 in a humidified incubator for 14 days; fresh medium was added every 4 days. The plates were then washed with icecold PBS, fixed with 4% paraformaldehyde, stained with crystal violet solution for 15 min at room temperature and washed with distilled water until no color was evident in the rinse. Plates were dried in air and the colony numbers were counted.
Cell cycle assay. T24 bladder cancer cells were plated in 60-mm dishes and treated with 0-80 µmol/l baicalein for 24 h. The cells were then harvested, fixed with ice-cold 70% ethanol and incubated with 4 µg/ml propidium iodide (PI) solution in the presence of 100 µg/ml RNase for 30 min. The samples were analyzed using a flow cytometer (FACScan; Becton-Dickinson, San Jose, CA, USA). Three independent experiments were performed.
Apoptosis and mitochondrial transmembrane potential (ΔΨm) assay. Following treatment with 0-80 µmol/l baicalein for 24 h, the T24 cells were harvested and washed with PBS. An apoptosis detection kit (Invitrogen, Carlsbad, CA, USA) containing annexin V-FITC and PI was used to identify apoptotic cells according to the manufacturer's instructions. The ΔΨm was determined by JC-1 staining. Data were collected by flow cytometric analysis using a FACSCalibur flow cytometer (Becton-Dickinson). For each assay, independent experiments were repeated in triplicate.
Caspase-9 and -3 activity assay. T24 cells were incubated with 0-80 µmol/l baicalein for 24 h and cellular extracts were then obtained. Caspase-9 and -3 activities were determined using a human caspase-9 and -3 (active) ELISA kit (Invitrogen) according to the manufacturer's instructions. The OD value was then measured at 450 nm using a Microplate Autoreader. Three independent experiments were performed.
Western blot assay. T24 cells were incubated with 0-80 µmol/l baicalein for 24 h. Total cellular extracts were then prepared using RIPA buffer containing proteinase inhibitors. Cytosol/mitochondria fractionation was carried out using a mitochondria extraction kit (Runtai Biotech, Tianjin, China). Equal amounts of lysates (30 µg) were separated by 12% SDS-PAGE and transferred to nitrocellulose membranes. The membranes were initially blocked with 5% skimmed milk in TBS for 1 h at room temperature and then incubated with primary antibodies at 4˚C overnight followed by secondary antibodies coupled with horseradish peroxidase for 1 h at room temperature. Protein signals were then detected using an ECL chemiluminescent detection system (Amersham, Piscataway, NJ, USA). GAPDH was used as a loading control.
Statistical analysis. All data analyses were performed using SPSS 13.0 software for Windows. P<0.05 was considered to indicate a statistically significant result.
Results

Baicalein inhibits T24 bladder cancer cell growth capability in vitro.
We investigated the effect of baicalein on T24 human bladder cancer cell growth. As shown in Fig. 1A , the rate of cell growth was reduced by treatment with baicalein in a concentration-and time-dependent manner. High concentrations (80-120 µmol/l) almost completely blocked cell proliferation. Colony formation following baicalein treatment was also determined. The results revealed that baicalein repressed the clonogenicity of the T24 cells in a concentration-dependent manner (Fig. 1B) .
Baicalein increases G1/S arrest and induces apoptosis.
Since baicalein was able to suppress the proliferation of the T24 cells, we next investigated its effect on the cell cycle. As shown in Fig. 2A , the T24 cells were arrested at the G1/S Fig. 3A ). The release of cytochrome c from the mitochondria to the cytoplasm was also observed (Fig. 3B) . Furthermore, we determined the activities of caspase-9 and -3 following baicalein treatment. Consistent with the ΔΨm result, the baicalein-treated T24 cells exhibited elevated caspase-9 and -3 activities compared with the control cells (P<0.05 or P<0.01; Fig. 3C and D) .
Baicalein inhibits Akt phosphorylation and downregulates
Bcl-2 expression. Since previous reports have indicated that the PI3K/Akt pathway provides a survival signal to protect cells from apoptosis (14), we determined the effect of baicalein treatment on the activity of Akt. As shown in Fig. 4 , baicalein repressed Akt (Ser 473 ) phosphorylation in a concentration-dependent manner. Bcl-2 and Bax belong to the Bcl-2 family. Bcl-2 is an anti-apoptotic protein whereas Bax is a pro-apoptotic protein. The Bax/Bcl-2 ratio is significant in apoptosis (15, 16) . Therefore, we examined the alterations in the levels of these proteins in response to baicalein exposure. The expression levels of Bcl-2 were significantly decreased following baicalein treatment, whereas those of Bax were upregulated.
Discussion
The high recurrence of bladder cancer following TURBt is an obstacle in its clinical treatment. Intravesical chemotherapy is used to prevent recurrence; however, tumor cells often re-emerge, even in those patients undergoing regular intravesical chemotherapy (3). Therefore, an effective therapeutic strategy is urgently required. In the current study, we report the ability of a Chinese herbal medicine, baicalein, to inhibit growth and induce apoptosis in T24 bladder cancer cells, which indicates its potential as an antitumor agent for the treatment of bladder cancer.
In an MTT assay, after incubating T24 cells with baicalein, the tumor cells displayed a decreased growth rate compared with the control cells. Moreover, high concentrations of baicalein almost completely blocked cell growth. These data indicate that baicalein is able to inhibit the growth of T24 bladder cancer cells. In addition, clonogenicity was also suppressed following baicalein treatment. These data suggest that baicalein is able to retard the growth of T24 cells in vitro.
Tumor progression is dependent on the balance between proliferating and apoptotic cells (17) . Chemotherapy may induce cell cycle arrest and cellular apoptosis in tumor cells, thereby altering the ratio of proliferating to apoptotic cells and leading to repression of the tumor. In the present study, T24 bladder cancer cells arrested at the G1/S phase following incubation with baicalein for 24 h. Furthermore, the T24 cells underwent apoptosis in response to baicalein treatment. Notably, baicalein induces cell cycle arrest and apoptosis in a concentration-dependent manner. Previous reports have shown that ΔΨm plays an initial role in the apoptotic cascade (18) . In this study, we investigated the effect of baicalein on ΔΨm. As we expected, the T24 cells exhibited a significant ΔΨm collapse following baicalein treatment. Correspondingly, elevated activities of caspase-9 and -3 were observed in the T24 cells following incubation with baicalein. Since activation of caspase-9 is a marker of intrinsic apoptosis (19) , we propose that baicalein is capable of inducing intrinsic apoptosis in T24 bladder cancer cells.
Consistent activation of the PI3K/Akt pathway has been detected in numerous human tumor cells, including bladder cancer (20, 21) . This signal pathway promotes tumor survival, progression and metastasis (22, 23) . Akt regulates several cellular activities, including proliferation, the cell cycle and apoptosis (22, 23) . In the current study, we demonstrated that baicalein repressed Akt phosphorylation in a concentrationand time-dependent manner. The Bcl-2 family consists of several proteins that execute pro-and anti-apoptotic functions (24, 25) . Bcl-2 is a member of this family and serves as an anti-apoptotic protein (25) . Previous studies have indicated that Bcl-2 plays a critical role in the survival, anti-apoptotic activity and chemoresistance of tumor cells (26, 27) . Another Bcl-2 family member, Bax, is a pro-apoptotic protein, which forms a heterodimer with Bcl-2 and thus represses its antiapoptotic function (28, 29) . Therefore, the Bcl-2/Bax ratio is a key factor in apoptosis. In the present study, we found that Bcl-2 expression was suppressed whereas that of Bax was slightly upregulated following baicalein treatment. Based on these results, we propose that baicalein induces cell cycle arrest and apoptosis through the inhibition of Akt and Bcl-2 in T24 bladder cancer cells.
In conclusion, we have shown that baicalein leads to growth inhibition due to cell cycle arrest and apoptosis via the loss of ΔΨm and activation of caspase-9 and -3 in T24 bladder cancer cells. Moreover, baicalein treatment is able to inhibit Akt phosphorylation and downregulate Bcl-2 expression. These results indicate that baicalein may be an effective agent in the clinical management of bladder cancer and expand our understanding of the potential clinical applications of baicalein.
